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Electro-reduction of Bromate on Mercury 
Jaw-shin Chang 
Department of Chemical ·Engineering 
and the 
Graduate Center for Materials Research 
University of Missouri-Rolla 
ABSTRACT 
The electrochemical reduction of Br03 was studied on a stationary 
+ + Hg electrode in neutral and basic solutions containing K , Na , and 
L.+ 1 • Coulombic efficiency studies showed Br- to be the predominant 
reduction product. The steady state kinetic parameters include Tafel 
slopes of ca. -0.120 V, approximate first order activity dependences 
for both Br03 and the accompanying cation, and no pH dependence. A 
reaction scheme is proposed which involves Br03 "bridged .. to the 
electrode by the accompanying cation. It is suggested that the 
"bridging .. is a result of ion-pairing in the electrical double-layer. 
1 
INTRODUCTION 
Previous investigations of the reduction of BrOj have been made 
primarily on dropping Hg and amalgam cathodes and were generally in-
1 d d t . f . d. f 1-4 c u e as par 1ons o more extens1ve stu 1es o several anions. 
Rylich reported that the total diffusion current for BrOj reduction 
corresponds to the overall electrode reactions 
BrOj + 6 H+ + 6e = Br- + 3 H20, E0 = +1.42 V 
BrOj + 3 H20 + 6e = Br + 6 OH-, E0 = +0.61 V 
( 1 ) 
(2) 
The reduction is quite irreversible, occurring at appreciable c.d.'s 
only at potentials below about +0.3 and -0.8 V in acid and alkaline 
media, respectively. The reduction in alkaline media is of special 
interest as apparently negatively-charged sp_ecies are reduced at a 
highly negatively-charged surface. A homogeneous redox reaction be-
tween Br03 and Br- to produce Br2 in acid media complicates studies in 
solutions of low pH. 
Orlemann and Kalthoff studied the reduction of both iodate and 
bromate ions in neutral and basic solutions on the dropping mercury 
electrode (d.m.e.). The cations of the various salts (KCl, CaC1 2 , 
BaCl 2 , and LaC1 3) had a pronounced effect on the current-voltage curves. 
There was no effect of pH for pH's> 9. A mechanism was proposed 
which involved electron transfer to positively charged species formed 
by ionic association. The species proposed were K2Bro;, CaBro;, 
+ +2 BaBr03 , and LaBr03 . The mechanism is illustrated for the potassium 
species by 
2 
2 K+ + 0- + ( ) Br 3 = K2Br03 fast (3) 
+ K2Br03 + e ~ K2Br03 (slow) (4) 
K2Br03 + 5 e + 3 H20 ~ 2 K+ + Br + 6 OH (5) 
Iodate and bromate ions were also included in a study by Delahay 
and Kleinerman on dropping Hg and Hg/Tl amalgam electrodes. Their 
3 
study emphasized the effect of changes of the potential of zero charge 
{p.z.c. ) on the reduction rate. Significant changes in the p.z.c. were 
affected by varying the concentration of Tl in the amalgams. The re-
duction potentials were shifted to more positive values as the Tl con-
centrations in the amalgams were increased (p.z.c. became more negative). 
This illustrated that salt (cation) effects might be attributable to 
their influence on the p.z.c. Polarization curves showed Tafel slopes 
of ca. -120 mv and ana= 0.5 was reported. In an earlier study of 
iodate reduction on the d.m.e., Delahay and Mattax5 found the reaction 
rates to be approximately proportional to the bulk concentration of the 
cations. It was suggested that the nature of the cations were of major 
importance when the reaction occurred on a negatively-charged surface 
while the anions would be of greater importance as the charge became 
more positive. The cations were visualized as forming transitory 
collision complexes with the anions, thereby forming bridges between 
the anions and the electrode for electron transfer. It was believed 
that very slight if any cation adsorption occurred. 
Gierst6 considered the effect of the double-layer on the reduction 
rate of several ions. The reduction of iodate and bromate were offered 
as examples of Volmer-type reactions. For these ions in dilute solutions 
4 
(concentration < 0.1 M), he proposed that electron tunneling is pro-
bable. At higher concentrations he believed that the observed salt 
effects could be accounted for by the resulting changes in the p.z.c. 
High values of ana (0.96 for iodate and 0.68 for bromate) were obtained 
when the shift of the p.z.c. with supporting electrolyte concentration 
was considered. This was offered as evidence in favor of a two-electron 
discharge step. 
Raffia and Lavacchielli 7 did a theoretical study of the effect of 
uncompensated ohmic drop on voltammetric currents for irreversible 
charge transfer obtained by "linear" potential sweep methods. They 
tested their theory against data obtained for bromate reduction on a 
hanging mercury drop electrode. The results yielded constant values of 
ana = 0.5 for sweep rates ranging from 0.35 to 6.0 V/sec. The resulting 
log k0 values using their correction were also constant with sweep rate. 
Values of log k for various potentials calculated using their parameters 
agreed very well with polarographic data reported by Gierst. 6 
The effects of cations on the electroreduction of anions have 
also been considered by Frumkin, et al. 8 ' 9 They suggest the rate de-
termining step to be electron transfer to anions linked to the surface 
by "cationic bridges". This is similar to previous proposals of ion-
pair formation, except that the important interaction occurs in the 
double-layer rather than in the bulk of the solution. 
Although several studies of bromate reduction have been reported, 
it is felt there still exists a need for a comprehensive study using 
both steady state and transient techniques to determine kinetic para-
meters, coulombic efficiencies, and concentration and temperature 
effect on stationary Hg surfaces. Such was the purpose of this study. 
EXPERIMENTAL 
The electrolysis cell for the steady state investigations had 
co-axial anodic and cathodic compartments separated by a glass frit. 
The cathode area was 1.0 cm2. The polarization curves were determined 
potentiostatically and the efficiencies galvanostatically. The cell 
for the transient studies had a 0.40 cm2 cathode area, with a cathode 
replenishing arrangement. The anodic and cathodic compartments were 
not separated. 
All solutions employed reagent grade chemicals and conductivity 
water. Matheson prepurified nitrogen was bubbled through the electro-
lyte to provide an inert atmosphere and for stirring. A constant 
bubbling rate of 50 cm3 (STP)·min-l was used during the polarization 
periods. The mercury used was Bethlehem•s triply-distilled instrument 
grade. All measurements were made at the stated temperature +0.2°C. A 
normal calomel electrode (NCE) was used as the reference electrode. All 
reported potentials are refered to the standard hydrogen electrode 
(SHE) at 25°C. A salt bridge of the same electrolyte as the cell was 
used to prevent contamination. 
5 
RESULTS AND DISCUSSION 
A. Steady State Studies 
1. Coulombic Efficiencies. The coulombic efficiencies based on 
Eq. (2) are summarized in Tab. I. Each entry in the table represents 
an average value of at least three determinations. It can be seen that 
they are generally quite high, indicating Br03 reduction to Br- to be 
the predominant if not exclusive reaction. No hydrogen evolution was 
observed, although small amounts could have been produced without bubble 
formation. For the KBr0 3, KBr0 3 + KOH, NaBr03 + NaOH, and LiBr03 + LiOH 
electrolytes, the efficiencies were determined from the quantity of Br-
produced using Mohr's method. The errors for these values were esti-
mated as + 3%. For the KBr0 3 + KBr + KOH electrolytes, the Br03 con-
centrations were determined before and after the electrolyses by the 
iodometric method to give the Br03 consumption. These efficiencies 
were subject to more experimental errors due to the small concentration 
changes that occurred during the electrolyses. These errors were 
estimated to be + 10%. 
2. Current-Potential Relationships. The polarization behavior 
was investigated for different concentrations of Br03 and accompanying 
cations. Figs. 1-4 show the polarization curves for the various cation 
systems. Three regions were usually distinguishable in each curve: a 
residual current, a linear Tafel, and a limiting current region. No 
effect of stirring (bubbling rate) was noted for i-V values in the 
linear Tafel region. The rest potentials, Tafel slopes, and electrolyte 
pH are summarized in Tab. II. The rest potentials are relatively 
6 
TABLE I 
- * A SUMMARY OF THE EFFICIENCIES OF Br03 REDUCTION ON Hg 
Electrolyte 
-1 gmo 1 ·1 iter 
0. 1 KBr03 
0.05 KBr03 + 1.0 KOH 
0. 1 KBr0 3 +1.0 KOH 
0.2 KBr03 + 1.0 KOH 
0.2 KBr03 + 0.1 KOH 
0 . 1 KBr03 + 0. 1 KBr 
+1.0 KOH 
0. 1 NaBr03 + 1.0 NaOH 
0. 1 LiBr03 + 1 . 0 L i OH 
* Electrode Area= 1.0 2 em 
** Efficiencies Determined by 
AT 25°C 
Efficiency, percent 
3 -2 Current density x 10 , amp·cm 
10 15 20 30 40 60 






86** 90** 84** 
100 
102 
the Iodometric Method 
7 
TABLE II 
REST POTENTIALS, TAFEL SLOPES, AND ELECTROLYTE pH's 
FOR THE REDUCTION OF Br03 ON Hg AT 25°C 
Electrolyte pH Rest Potentials 
gmo 1 · 1 iter-1 volt, SHE 
0.2 KBr03+1 KOH 13.7 0.075 
0. 1 KBr03+0. 1 KBr+l KOH 13.7 0.074 
0.05 KBr03+0. 15 KBr+l KOH 13. 7 0.068 
0.02 KBr03+0. 18 KBr+l KOH 13. 7 0.069 
0.02 KBr03 +0. 5 KOH 13.4 0.104 
0.02 KBr03+1 KOH 13.8 0.05 
* 0.02 KBr03+2 KOH 14.2 0.07 
* 0.02 KBr03+3 KOH 14.5 0.055 
* 0.02 KBr0 3+4 KOH 14.7 0.039 
0. 01 KBr0 3+l KOH 13.8 0.055 
0.005 KBr03+1 KOH 13.8 0.061 
0. 001 KBr03+1 KOH 13.8 0.053 
0.2 NaBr0 3+1 NaOH 13.5 0.086 
0.1 NaBr0 3+0. 1 NaBr+1 NaOH 13.5 0.082 
0.05 NaBr03+0.15 NaBr+1 NaOH 13.5 0.082 
0.02 NaBr03+0.18 NaBr+1 NaOH 13.5 0.088 
0.2 LiBr03+1 LiOH 13.0 0.057 
0. 1 L i Br03+1 L i OH 13. 1 0.080 
0. 1 LiBr03+0.l LiBr+l LiOH 13.1 0.068 
0.05 LiBr03+0.l5 LiBr+1 LiOH 13. 1 0.072 





























independent of Br03 concentration though changes in cation species and 
concentrations cause small but noticeable shifts. The reversible 
(thermodynamic) potentials for the basic solutions (pH 13-14) are in 
the range 0.6-0.7 V and thus considerably more noble than the observed 
rest potentials. No significant currents were obtained upon polariza-
tion until the cathode potential was lowered to about 0.8 of a volt 
below the rest potential. All the polarization curves exhibited linear 
Tafel sections which have slopes ranging from -0.110 to -0.135 V, or 
* approximately -2.3 RT/aF. The corresponding exchange currents for the 
Br03 reduction are on the order of l0- 17 to l0- 20 amp·cm- 2 . At the 
more negative potentials where limiting currents occur, slight hydrogen 
evolution (h.e.) is visible. 
3. pH Effects. The current-potential relationships were studied 
- + in electrolytes of different pH at constant Br03 and K concentrations. 
Fig. 5 shows that the polarization curves are virtually independent of 
pH in the region 12 < pH < 14. This suggests that hydrogen or hydroxyl 
ions are not involved in the BrOi reduction in basic solutions prior to 
or during the rate-determining step (r.d.s.). 
4. Bromate Concentration Effect. Noting from Figs. 1-4 that the 
c.d. is affected by both the concentrations of Br03 and the accompanying 
cations, an overall rate equation can be written in the following em-
pirical form: 
i nFk b a~+ exp(-anaFV/RT) = aBrO-3 
(6) 
i b m cb - em+ exp(-anaFV/RT) or = nFk YBrO yM+ Br03 M 3 
(7) 
* Assuming a = 0.5 
When the concentration of the supporting electrolyte is held constant, 
e.g., KOH in Fig. 3, the ionic strength of the electrolyte is nearly 
constant due to the relative concentrations of KOH and KBr0 3. This 
- + also means that the activity coefficients of both Br03 and K are 
nearly constant and Eq. (7) can be written: 
i = nFk' C~rOJ exp(-anaFV/RT) (8) 
where k • (9) 
Thus, log-log plots of i vs. CBrOj at constant V should be linear and 
have slopes equal to the reaction order~- Fig. 6 shows such plots 
for the electrolytes KBr0 3+KOH, NaBr0 3+NaOH, and LiBr0 3+LiOH. The 
slopes are about the same and give a reaction order b ~ 0.9. The 
corresponding values of k are approximately 0.6 x lo-22 when K+ or 
Na+ are present and 0.25 x l0- 22 for Li+. 
5. Cation Effect. When CBrOj is held constant while CM+ (and 
therefore the ionic strength of the electrolyte) is varied, Eq. (7) 
can be written (for the KBr03+KOH electrolyte) as follows: 
·; 0.9 1 YBrO- = 
3 
where 
( 1 0) 
( 11 ) 
An evaluation of the activity coefficients in Eq. (10) is difficult 
due to the use of the high ionic strengths and mixed electrolytes. 
The values of YK+ were approximated by using mean values for KOH 
l 0 
solutions10 (0.5 to 4 M) and neglecting the influence of the 0.02 M 
KBr03 that was present. The low solubility of KBr0 3 precluded a 
similar approximation for Ysro; using 0.5 to 4 M KBr0 3 solutions 
1 1 
(the same ionic strengths as the mixed electrolytes). It was noted 
however, that the mean activity coefficients of KBr03 and KN0 3 are 
very nearly the same over the common concentration region reported. 10 
Thus, estimated values of Ysro- were obtained by using mean values for 
3 
KN0 3 solutions of the same ionic strengths as the mixed electrolytes. 
A log-log plot of (i/y~~6;> vs. (y~+ C~+) is shown in Fig. 7. 
The relationship is reasonably linear with a slope of -0.8. With this 
information, the empirical equation can be written: 
(12) 
6. Temperature Effect. Fig. 8 shows the current-temperature 
relationships for Bra; reduction in 1 M KOH for various potentials 
within the linear Tafel region. Similar results were obtained when 
the other cations were present. The resulting apparent activation 
energies are summarized in Tab. III. The table shows the activation 
energies (at the same potential) with univalent cations present are 
h d L.+ K+ N + of t e or er 1 > > a . The potential effects, aE~/aV, are also 
given. The values agree fairly well with the predicted one, i .e., 
anaF, or 11.5 Kcal/V. 
7. Surface Active Agent Effect. The additions of a 11 non-
* reducible 11 surface active agent, tetrabutylammonium bromide, were 
made to effect a shift in the p.z.c. of the cathode. They caused a 
significantly different polarization behavior as seen in Fig. 10. 
* TBAB 
TABLE III 
APPARENT ACTIVATION ENERGIES FOR THE CATHODIC 
REDUCTION OF Br03 ON Hg 
Electrolyte v E• a 
Volts(SHE) Kca1 
0.2 KBr03+1.0 KOH -1.120 4.98 
-1 . 150 4.78 
-1. 180 4.28 
-1.220 3.78 
0.1 NaBr0 3+1.0 NaOH -1.050 5.43 
-1 . 100 4.80 
-1 . 150 3.75 
0. 1 LiBr03+1.0 LiOH -1.050 6.40 
-1. 1 00 5.93 
-1.200 4.44 
0.2 LiBr03+1.0 LiOH -1.050 6.39 




11 . 8 
16 
12.5 
With TBAB present, a more cathodic potential is required to obtain a 
given c.d. in the lower c.d. region and is accompanied by a change in 
Tafel slope. (This required potential is inversely related to the 
TBAB concentration.) However, the curves tend to merge with the ones 
without TBAB as the potentials are lowered further. In potential 
scan studies with TBAB present, a small peak prior to bromate reduc-
tion was noted. These observations could lead to various interpreta-
tions among which are: (1) a separate distinct reaction involving 
TBAB is occurring which inhibits the bromate reduction but becomes 
diffusion controlled, thus allowing bromate to be reduced at the 
lower potentials, (2) the TBA+ cations initially adsorb on active 
sites of the cathode surface thus blocking many that would ordinarily 
be available for bromate reduction, (3) the TBAB alters the bromate 
reduction mechanism, etc. Studies to further clarify the nature of 
the effects were not made. In any case the effects are not accounted 
for simply by a shift in the p.z.c. Were this the case, the TBAB 
addition would shift the p.z.c. in the positive direction, thereby 
l 3 
increasing the bromate reduction over-potential and the c.d., contrary 
to the observations. 
B. Transient Studies. 
1. Reaction Parameters. The peak current-peak potential relation-
ships for slow potential sweep voltammetry have been well established 
ll-l 3 A 2 ° h f 11 . . for various systems. t 5 C, t e o ow1ng equat1ons apply for 
totally irreversible electrode processes: 
= 0.227 nFCk exp [(-an F/RT)(V - E0 )] (14) 
a P 
Vp = E0 - (RT/anaF)[0.78 + ln(D·anaF/RT) 112 
- ln k + 0. 5 ln v] (15) 
Fig. 11 shows typical i-V curves for 5 x 10-4 M KBr03 in 1 M KOH at 
low potential sweep rates. At BrOj concentrations in this region, the 
curves show conspicuous current peaks. At the higher concentrations 
used predominantly in the steady state studies, the current continued 
to increase with increasing potential (see Fig. 12) and no peaks 
l 4 
were obtained within the capability of available equipment for polar-
ization. An examination of Figs. 3 and 6 indicates the steady state 
polarization parameters to remain the same at the lower BrOj concentra-
tions used here. 
Eq. 13 shows that log-log plots of ip vs. C (at constant sweep 
rate) or v (at constant concentration) should be linear and have slopes 
of 1 or 0.5, respectively. Figs. 13 and 14 are such plots for the 
potassium system and show reasonably linear relationships with slopes 
close to the predicted ones. These tend to verify the applicability 
of Eq. (13) for BrOj reduction. 
As can be seen from Eq. (15), there should also be a linear re-
lationship between VP and log v with a slope of -2.3 RT/2anaF. Fig. 
15 shows this relationship and has a slope of about -0.065 V. Thus, 
2ana ~ 1, or na = 1 when a= 0.5. The rate constant k can now be 
evaluated using Eq. (15) (with ana = 0.5) or from the intercept of a 
plot of (Vp - E0 ) vs. log ip (see Fig. 16). The rate constants ob-
tained in this manner are on the order -18 -19 -1 of 10 to 10 em-sec . 
The slope of the plot in Fig. 16 also allows one to evaluate ana. The 
slope here is ca. -0.12 V and corresponds to -2. 3 RT I an a F. This again 
gives ana ~ 0.5. These values agree with ana = 0.5 and k0 = 1 o-19 
em· sec -1 as previously reported by Roffi a and Lavacchielli 7 for 10-3 
M NaBr03 in 1 M NaOH solution. Therefore, the correlation of the data 
from these studies by Eqs. 13-15 indicates that the BrOj reduction is 
totally irreversible with one electron transfer occurring during the 
rate determining step. 
2. Adsorption Characteristics. Adsorption phenomena can be 
studied at fast potential sweep rates as has been described by Gilman 
d B . 14 an re1ter. Fig. 17 shows i-V curves for a sweep rate of 50 V·sec-l 
l 5 
in 1 M KOH with and without Br03 present. Curves a and b are the 
forward and reverse sweeps with Br03; curves~ and~ are similar sweeps 
without BrOj. It should be noted that the cathodic currents become 
equal during the forward sweep only below potentials of about -2.4 V, 
considerably more negative than the potential regions for the steady 
state (-1. 1 to -1.4 V) and slow sweep (-1.2 to -1.6 V) studies. Once 
the potential has been lowered to -2.4 V, substantial anodic currents 
are seen in the reverse sweeps indicating that K+ reduction to form a 
- * K/Hg amalgam has occurred both with and without Br03 present. Fig. 18 
* It is possible that hydrogen is also being evolved at the highly nega-
tive potentials of the fast scan. Galvanostatic polarizations of 1 M 
KOH solutions at c.d.'s up to 100 ma-cm-2 (V ~ -2.1 to -2.4 V) showed 
only very slight visible h.e. for periods of several minutes. The 
evolution rate gradually increased and profuse h.e. was observed after 
polarization for 30-60 minutes. Apparently the initial process builds 
up the amalgam concentration with h.e. predominant when the amalgam con-
centration has reached a steady state value. 
l 6 
shows potential sweeps similar to those in Fig. 17 except that the 
sweeps were reversed at more positive potentials. Without Bra; it can 
be seen that K+ does not begin to discharge (no cathodic or anodic 
currents) until the potential becomes more negative than ca. -1.7 V. 
With Bra;, subtantial cathodic currents in the forward sweep are seen 
at potentials below -1.4 V but no anodic currents appear in the reverse 
sweep until a potential of ca. -1.9 Vis reached. (Sweeps for the 
LiBra3+LiOH system were similar except they were shifted about 200 mV 
in the negative direction.) It thus appears that much less amalgam is 
formed during the sweep with Bra; present than without it. Considering 
the charges on the two ions (K+ and Bra;), it is not reasonable to 
+ -suppose that K has been displaced from the electrode surface by Br03 
when the latter is present. Therefore, it seems that ion-pair formation 
in the double layer (or cationic bridging) is occurring as proposed by 
Frumkin. 8 ' 9 As the sweep is begun, all the 11 bridged 11 Bra; is initially 
reduced. Since there is not sufficient time for the Bra; to be replen-
ished by diffusion processes, then K+ is reduced to form an amalgam 
when the potential becomes sufficiently negative. This latter process 
commences at potentials in the vicinity of -1.7 V. (Bockris and 
Watson15 report a reversible potential of -1.88 V for the electrode 
1 N KaH; a.3% K/Hg. For a more dilute amalgam, the potential would be 
more positive.) Therefore, the currents at -2.4 V with and without 
Bra; present become the same only when all the Bra; has been consumed 
and, due to the large excess at the cathode, the surface concentration 
of K+ is about the same for both cases. The calculations using data 
from this section which yield fractional surface concentrations of 
l 7 
Br03 (or KBr0 3 ) are based on the assumption that the same quantities of 
+ K (or H20) are reduced during the forward sweep· with or without Br03 
present. The exactness of this assumption is uncertain when ion-pai-ring 
(or cation-bridging) occurs as the K+ bridged to the Br03 would not be 
subject to discharge until the latter has reacted. It does not appear 
that a correction can be made for this since the anodic charge resulting 
from amalgam dissolution in the reverse sweep when Br03 is not present 
is obviously not equal to the total cathodic charge of the forward and 
reverse sweeps. Thus, the coverages reported below should be considered 
more approximate than those determined in this manner when no compli-
cations arise. Any error introduced in this manner would be dependent 
on the Br03 surface concentration, decreasing as it decreases. With 
this limitation, the shaded area between curves ~and~ represents the 
net amount of charge (Qn) required to reduce Br03 ions. There exists 
an optimum range of v where Qn remains relatively constant (being in-
creased appreciably by neither double-layer charging on the one hand 
nor Br03 diffusing to the e 1 ect rode and reacting on the other) , and can 
be related to the amount of BrOj ions adsorbed and reacting on the Hg 
surface. Fig. 19 shows the optimum range to be 50-65 V·sec- 1. 
Fig. 20 shows the fractional coverages of BrOj (or KBr0 3 ) for 
* various concentrations and potentials as determined from the measurements. 
The potential of -0.9 V corresponds to the residual current region in 
the steady state studies where no significant Br03 reduction currents 
were observed. At higher (more positive) potentials, the coverage 
* The maximum charge Qm 2o reduce a complete monolayer of Br03 was esti-
mated to be 800 ~q·cm- . This is based on the assumption of a pyramidal 
shapel 6 with a projected area of 11 A2 for Br03 and 6 electrons required 
for complete reaction. 
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remains relatively constant with potential. As the potential is lowered 
below -0.9 V, the coverage decreases due to the reaction taking place, 
and becomes approximately zero at -1.4 V. This latter potential cor-
responds to that of the limiting current region in steady state studies 
where the Br03 reduction would be diffusion controlled. 
Fig. 21 is an adsorption isotherm taken from the data of Fig. 20. 
A direct proportionality between coverage and concentration is seen 
which suggests Langmuir-type adsorption over this concentration region. 
It is obvious that this direct proportionality can not persist up through 
Br03 concentrations used in the steady state studies. However, this 
does not preclude a linear relationship at the higher concentrations 
which must exist if the reaction orders of Eq. 12 are appropriate. In 
fact, regions of approximately constant (though different) heats of 
adsorption, on which Langmuir behavior is based, are usually found at 
both extremes (low and high) of coverage. 
C. Proposed Reaction Sequence 
Based on the experimental observations, the characteristics of the 
BrOj reduction reaction can be summarized as follows: 
(1) The fast potential sweep voltammetry studies indicate that 
BrOj ions (or Br03 containing species) adsorb on or are .. bridged .. to the 
Hg surface over the range of conditions where they are reduced under 
activation-controlled conditions. The decrease of coverage of these 
adsorbed species to approximately zero in the limiting current region 
indicates they are directly participating in the reduction reaction. 
A consideration of the negative charge on the electrode suggests that 
the adsorbed species is not the negatively charged anion but possibly 
a neutral ion-pair. 
(2) The high coulombic efficiencies for conversion to Br indi-
cate that Br03 species are adsorbed on or bridged to the Hg surface 
during the entire electron transfer process. 
1 9 
(3) The experimental reaction orders from the steady-state studies 
indicate a near first order relationship for both the Br03 and cation 
(K+, Na+, or Li+) activities. 
(4) The reaction has only a very slight, if any, dependence on 
pH for pH's > 12. This indicates that H+ or OH- ions are not involved 
in the reaction sequence prior to the r.d.s. This and some considerations 
given below suggest that water is a reactant in the r.d.s. and is di-
rectly involved in the removal of oxygen from the bromate. 
(5) The value na = l from the slow potential sweep studies indicates 
that one electron is transfered in the r.d.s. 
(6) The Tafel slopes of ca. -0.120 V (or -2.3 RT/aF) indicate that 
the first electron transfer is the r.d.s. in the reaction sequence. 
(7) The absence of stirring effects and the effect 0f potential 
on the activation energy indicate the reaction is activation-controlled 
in the linear Tafel region although the apparent activation enegies 
themselves are low (Tab. III). 
These items allow the postulation of the following reaction sequence: 
+ + * M (sol)= M (Hg) (16) 
M+(Hg) + Bro;(sol) = MBr0 3(Hg) ( 17) 
r.d.s. 
MBr03(Hg) + H20 + e MBr03H + OH ( 18) 
H20, 5 e MBr(Hg) ( 19) 
*M+(Hg) represents the cation in the double layer at the Hg surface. 
The expression for the current density for this sequence is 





This equation would be consistent with the empirical c.d. expression 
( Eq. 12) if 
(22) 
There are some other postulations, while not all directly attribut-
able to this study_, that can be reasonably made in support of steps 18 
through 20. The first is associated with the probable pyramidal struc-
* ture of the BrOj ion with the preponderance of the negative charge 
residing with the Br atom but also with a significant fraction dispersed 
around the 0 atoms. This suggest that the bonding between the ion pairs 
(BrOj and cation), or 11 bridging 11 between the Hg surface and BrOj by the 
cation, occurs between the cation and the Br atom of the BrOj. This 
allows the Q atoms to be readily accessible for removal and the bromate 
to remain bridged until all the oxygen is removed. The concentration 
of the negative charge in a smaller space as the reduction proceeds is 
finally culminated in the ejection of Br- as shown in step 20. The 
generally higher solubility of bromides as compared to the bromates 
** could also be effective here. 
* 
** 
Data for the BrOj struct~re are not available and are assumed to be 
similar to those for Cl03. 17 
For example, it was experimentally determined that 658 and 72 gm. 
liter-1 of KBr and KBro3 , respectively, are soluble in 1M KOH at 25°C. 
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Another postulation concerns the disposition of the negative charge 
that enters the bridged bromate. It appears that it does not reside as 
such in the bromate ion for any finite time since the additional repul-
sive force could cause unpairing (or 11 Unbridging 11 ) of the partially 
reduced bromate species leading to a decreased coulombic efficiency 
and/or by-products. This is circumvented in step 18 by the removal of 
the hydroxyl ion during the electron transfer step. The orientation of 
the water molecules by the small negative· charge on the oxygen atoms of 
the bromate would favor this. 
The final remaining point is the appropirateness of Eq. 22. Eq. 17 
is somewhat akin to an ionization equilibrium with the understanding 
that the activities involved are the surface activities of the correspon-
ding ions, i.e., 
(23) 
Data are not available to determine the bulk activity (or concentration) 
and potential dependences of the surface activities of the ions used in 
the study. However, there are data for Na+ and F- ions (both considered 
to be non-specifically adsorbing ions). 18 It is interesting to note 
that the product of the concentration of the ions in the plane of closest 
approach is very nearly equal to the product of the bulk concentrations 
of the ions over the entire potential (-0.17 to -1.37 V) and concentration 
(0.001 to 1 gmol·liter- 1) ranges given. For example, at -1.47 V, CNaF 
= 1; QNa+ = 18.1, QF- = 5.52 x 10-2 , therefore (CNa+) (CF-) = 1, (QNa+) (QF-) 
-4 -3 ~ 1. At -0.17 V, CNaF = 0.001; QNa+ = 5.78 x 10 , QF- = 1.73 x 10 , 
22 
Thus Eq. 22 does not 
seem to be an unreasonable approximation and thus gives good agreement 
between the c.d. expression for the reaction sequence, Eqs. 16-20, and 
the empirical rate equation. Fig. 22 is a schematic representation of 
a detailed reaction sequence on the surface that incorporates the pre-
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CAPTIONS FOR FIGURES 
Figure 1. Polarization curves for the cathodic reduction of bromate on 
Hg at 25°C in 1 N KOH. 
(O, 0.20 M KBr03; ~, 0.10 M KBr03+0.l M KBr; D, 0.05 M KBr0 3 
+ 0.15 M KBr: \7, 0.02 M KBr0 3+0.18 M KBr; e, 0.02 M KBr03; 
~' 0.01 M KBr03; ., 0.005 M KBr03;,, 0.001 M KBr0 3) 
Figure 2. Polarization curves for the cathodic reduction of bromate on 
Hg at 25°C in 0.02 M KBr03 + x N KOH. 
(0, X = 4. 0; ~, X = 3. 0 ; 0, X = 2 . 0; \J, X = 1 . 0 ; • , X = 0. 5) 
Figure 3. Polarization curves for the cathodic reduction of bromate on 
Hg at 25°C with varying pH. 
(O, 0.20 M KBr0 3+1.0 N KOH, pH= 13.7; 
~' 0.20 M Kbr03+0.25 M K2so4+0.5 N KOH, pH = 13.2; 
D, 0.20 M KBr03+0.45 M K2so4+0.1 N KOH, pH= 12.8; 
\7, 0.20 M KBr03+0.495 M K2so4+0.01 N KOH, pH= 11.9) 
Figure 4. Polarization curves for the cathodic reduction of bromate on 
Hg at 25°C in 1 N NaOH. 
(O, 0.20 M NaBr03;6, 0.10 M NaBr03+0.1 M NaBr; O, 0.05 M 
NaBr03+0. 15M NaBr; \7, 0.02 M NaBr03+0.18 M NaBr) 
Figure 5. Polarization curves for the cathodic reduction of bromate on 
Hg at 25°C in 1 N LiOH. 
(O, 0.20 M LiBr03; e, 0.10 M LiBr0 3;6, 0.10 M LiBr03+0.1 M 
LiBr; D, 0.05 M LiBr03+0.15 M LiBr; \1, 0.02 M LiBr0 3+0.18 M 
LiBr) 
Figure 6. Effect of bromate ion concentration on current density for the 
cathodic reduction of bromate at 25°C and -1.20 Volt, SHE. 
(O, CK+=l.O N; ~' CK+=l.2 N; \7, CNa+=l.2 N; 0, Cli+=l.2 N) 
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Fig~(e 7. Effect of .potassium ion activity on current density for the 
cathodic reduction of bromate at 25°C and -1.20 Volt, SHE 
Fig~(e 8. Arrhenius plots for the cathodic reduction of 0.2 M bromate 
on Hg in 1 N KOH. 
(O, -1.22 Volt, SHE;~, -1.18 Volt,D, -1.15 Volt,\J, -1.·12 
Volt) 
Fig~(e 9. Effect of potential on the apparent activation energies for 
the cathodic reduction of bromate on Hg. 
( Q, 0.20 M KBr03+1 N KOH; 0, 0.10 M NaBr03+1 N NaOH; 6, 0.10 M 
LiBr03+1 N LiOH) 
Fi9~fe 10. Polarization curves for the cathodic reduction of bromate on 
Hg at 25°C in x M TBAB+0.02 M KBr0 3+1 N KOH. 
Fig~(e 11. 
(Q, X= 0;6, X== 0.0001:0, X= 0.0005;\7, X= 0.001) 
Slow cathodic potential sweep curves 
kBr03 on Hg at 25°C in 1 N KOH. (a, 
-1 -1 b, 300 mv·sec ; c, 200 mv·sec ; d, 
-1 -1 
mv·sec ; f, 40 mv·sec ; g, 1 N KOH 
for 0.50 x 10-3 M 
-1 400 mv·sec sweep rate; 
100 mv-sec- 1 ; e, 70 
at 400 mv·sec- 1) 
Fig~(~ 12. Slow cathodic potential sweep curves for (a) 0.02 M KBr0 3+1 N 0 -1 kOH and (b) 1 N KOH on Hg at 25 C for 400 mv-sec sweep rate. 
Fig~(~ 13. Relationships between peak current density and bromate ion 
concentration for slow cathodic sweeps at 25°C in 1 N KOH. 
-1 -1 -1 ( 0, 400 mv ·sec sweep rate;~' 200 mv ·sec ; D, 40 mv ·sec ; 
.&, i cl at200mv·sec-1) P, a . 
Fig~(~ 14. Relationships between peak current density and sweep rate for 
the cathodic reduction of bromate at 25°C in 1 N KOH. 
-3 -3 -3 ( Q, 3. 0 x 1 0 M KBrO 3 ; 6, 2. 5 x 1 0 ~1 KBrO 3; D, 2 . 0 x 1 0 M 
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Figure 15. Variation of peak potential with sweep rate for 0.50 x 10- 3 M 
KBr03 at 25°C in 1 N KOH. 
Figure 16. Variation of peak current density with (Vp - E0 ) for 0.50 x 
-3 0 10 M KBr03 at 25 C in 1 N KOH. 
Figure 17. Current density-potential curves for 50 V·sec- 1 cathodic 
sweep on Hg at 25°C in 1 N KOH. (solid line, 2.0 x 10- 3 M 
KBr03; dotted line, no KBr03) 
Figure 18. Current density-potential curves for 50 V·sec- 1 cathodic 
sweep on Hg at 25°C. (A, 1 N KOH; B, 0.50 x 10- 3 M KBr03 
+ 1 N KOH) 
Figure 19. Dependence of surface charge on sweep rate for 0.20 x 10- 3 M 
KBr03 at 25°C in 1 N KOH. 
Figure 20. Relationships between fractional bromate coverage and poten-
tial for 50 V·sec-l cathodic sweeps on Hg at 25°C in 1 N 
-3 -3 0 KOH. (0, 1.0 x 10 M KBr03; ~, 0.75 x 10 M KBr0 3 ; , 
-3 -3 -3 0. 5 x 1 0 M KB rO 3 ; \1, 0 . 3 x 1 0 M KB rO 3 ; .A., 0 . 2 x 1 0 M 
KBr03) 
Figure 21. Relationships between fractional bromate coverage and con-
-1 d" 0 centration for 50 V·sec catho 1c sweeps on Hg at 25 C in 
1 N KOH, V = -0.90 Volt. 
Figure 22. Schematic representation of the proposed reaction sequence 
for the cathodic reduction of bromate on Hg. 
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The following is a list of the major materials and reagents used 
in this investigation. Detailed specifications or analyses of the 
reagents may be obtained from the chemical catalogues of the respective 
suppliers. 
1. Acetic Acid. Reagent grade, meets A.C.S. specifications. Mal-
linckrodt Chemical Works, St. Louis, Mo. 
2. Barium Bromate. Alfa Inorganics, Beverly, Mass. 
3. Lithium Bromide. Purified, Fisher Scientific Co., Fairlawn, 
N.J. 
4. Lithium Hydroxide. Anhydrous, purified, Fisher Scientific Co., 
Fairlawn, N.J. 
5. Lithium Sulfate. Fisher certified, Fisher Scientific Co., 
Fair 1 awn, N.J. 
6. Mercury. Triple distilled, instrument grade, meets A. C.S. 
specifications. Bethlehem Apparatus Co., Inc., Hellertown, Pa. 
7. Mercurous Chloride. Reagent grade, meets A.C.S. specifications. 
Mallinckrodt Chemical Works, St. Louis, Mo. 
8. Nitrogen. Prepurified grade (99.997% pure). Matheson Gas 
Products, Joliet, Ill. 
9. Potassium Bromate. Reagent grade, meets A.C.S. specifications, 
Fisher Scientific Co., Fairlawn, N.J. 
10 . Potassium Bromide. Reagent grade, meets A.C.S. specifications, 
Fisher Scientific Co., Fairlawn, N.J. 
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11. Potassium Chromate. Reagent grade, meets A.C.S. specifications, 
Fisher Scientific Co., Fairlawn, N.J. 
12. Potassium Hydroxide. Reagent grade, meets A.C.S. specifications, 
Fisher Scientific Co., Fairlawn, N.J. 
13. Potassium Permanganate. Reagent grade, meets A.C.S. specifica-
tions, Fisher Scientific Co., Fairlawn, N.J. 
14. Potassium Sulfate. Reagent grade, meets A.C.S. specifications, 
Fisher Scientific Co., Fairlawn, N.J. 
15. Silver Nitrate. Reagent grade, meets A.C.S. specifications, 
Fisher Scientific Co., Fairlawn, N.J. 
16. Sodium Bromide. Reagent grade, meets A.C.S. specifications, 
Mallinckrodt Chemical Works, St. Louis, Mo. 
17. Sodium Bromate. Reagent grade, meets A.C.S. specifications, 
Fisher Scientific Co., Fairlawn, N.J. 
18. Sodium Hydroxide. Reagent grade, meets A.C.S. specification, 
Fisher Scientific Co., Fairlawn, N.J. 
19. Sodium Thiosulfate. Reagent grade, meets A.C.S. specifications, 
Fisher Scientific Co., Fairlawn, N.J. 
20. Starch. Reagent grade, meets A.C.S. specifications, Mallinckrodt 
Chemical Works, St. Louis, Mo. 




The following is a list of the principal equipment used in this 
investigation. 
1. Electrometer. Model 610C, serial 63779, Keithley Instruments 
Inc., Cleveland, Ohio. 
2. Function Generator. Model CHF-1, Elron Electronic Industries, 
Ltd., Haifa, Israel. 
3. Milliammeter. Model 931, serial 1697, Weston Electric Instru-
ments Corp., Newark, N.J. 
4. Oscilloscope. Type 5648 Storage Oscilloscope, Tektronix, Inc., 
Portland, Oregon. 
5. Potentiostats. 
a. Anotrol 4100, serial 64-0163, Continental Oil Co., 
Ponca City, Oklahoma. 
b. Model CHP-1, Elron Electronic Industries, Ltd., Haifa, 
Israel. 
6. Power Supply. Sorensen Model QRB 40-.775, Raytheon Co., South 
Norwalk, Connecticut. 
7. Recorder. Model 7100A, serial 16, F. I. Moseley Co., Pasadena, 
California. 
8. X-Y Recorder. Model 135 AM, Hewlett-Packard Co., Pasadena, 
California . 
9. Semi-micr o Balance. Type 26 04, serial 121211, Sartorius Werke 





CURRENT-POTENTIAL RELATIONSHIPS FOR THE CATHODIC 
REDUCTION OF Br03 ON Hg* AT 25°C 
Electrolyte 
0. 2 0 M KB rO 3 + 1 M KOH 0.10 M KBr03+0.10 M 
)otential Current Potential 
~olt,SHE ma Volt,SHE 
** ** 0.075 0.074 
-0.92 0.15 -1.02 
-0.97 0.18 -1.07 
-1.02 0.25 -1.095 
-1.05 0.33 -1 . 12 
-1.08 0.5 -1.145 
-1.1 0.82 -1.17 
-1 . 12 1. 4 -1.2 
-1 . 145 2. 1 -1.23 
-1 . 17 3. 6 -1.26 
-1 . 1 95 5.8 -1.29 
-1.22 10 -1.32 
-1.25 17 -1.35 
-1.28 30 -1.38 
-1. 31 49 -1 . 41 
-1.34 71 
* 2 
**Are a = 1 . 0 em 
Rest Potential 
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TABLE IV (continued) 
Electrolyte 
0.05 M KBr03+0.15 M KBr 0.02 M KBr03+0.15 M KBr 
+ 1 M KOH + 1 M KOH 
Potential Current Potential Current 
Volt,SHE rna Volt, SHE rna 
** ** 0.068 0.069 
-1.07 0.14 -1.07 0.08 
-1 . 1 0.25 -1 . 12 0.21 
-1 . 13 0.27 -1 . 145 0.36 
-1 . 16 0.68 -1 . 18 0.73 
-1. 18 1 . 1 -1 . 21 1 . 5 
-1. 21 2.3 -1.24 2.7 
-1.24 4.5 -1.27 4.5 
-1.27 7.5 -1.3 7.4 
-1. 3 14 -1.33 13 
-1.33 21 -1.36 20 
-1.36 35 -1.395 31 
-1.39 53 -1.43 42 
-1.42 72 -1.47 62 
** . 1 Rest potent1a 
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TABLE IV (continued) 
Electrolyte 
0.02 M KBr03+1 M KOH 0.01 M KBr03+1 M KOH 
Potential Current Potential Current 
Volt,SHE ma Volt,SHE ma 
** ** 0.05 0.055 
-1.02 0.027 -0.97 0.011 
-1.05 0.054 -1.0 0.015 
-1.11 0.1 -1.02 0.02 
-1.14 0. 17 -1.05 0.032 
-1.17 0.34 -1.08 0.057 
-1.195 0.6 -1 . 11 0.08 
-1.22 1. 15 -1 . 14 0.14 
-1.25 2 -1.17 0.24 
-1.28 3.2 -1. 195 0.4 
-1. 31 6.3 -1.22 0.7 
-1.34 11 -1.245 1 . 2 
-1.37 17 -1.28 2.3 
-1 . 4 23 -1 . 31 4.55 
-1.42 30 -1.34 7.9 
-1.45 41 -1.37 14 
-1 . 41 23 
-1.445 32 
-1.48 42 
** Rest Potential 
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TABLE IV (continued) 
Electrolyte 
0.005 M KBr03+1 M KOH 0.001 M KBr0 3+1 M KOH 
Potential Current Potential Current 
Volt,SHE rna Volt,SHE rna 
** ** 0.061 0.053 
-0.97 0.012 -1.07 0.008 
-1.02 0.016 -1.09 0. 01 05 
-1.05 0.023 -1.12 0.016 
-1.08 0.033 -1. 15 0.027 
-1 . 11 0.055 -1 . 18 0.047 
-1. 14 0.07 -1 . 21 0.07 
-1. 1 7 0.12 -1.24 0. 11 
-1.2 0.22 -1.27 0.18 
-1.23 0.43 -1.3 0.32 
-1.26 0.8 -1.33 0.59 
-1.29 1.5 -1.36 0.9 
-1. 32 2.5 -1.39 1. 45 
-1.35 4.4 -1.42 2 
-1.38 6 -1.45 2.2 
** Rest Potential 
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TABLE IV (continued) 
Electrolyte 
0. 02 M KBr03+4 M KOH 0.02 M KBr0 3+3 M KOH 
Potential Current Potential Current 
Volt,SHE rna Volt,SHE rna 
** 0.039 
-0.97 0.06 -1.05 0. 09 
-1.02 0.08 -1.07 0.11 
-1.05 0.105 -1.095 0.19 
-1.08 0.16 -1.12 0.295 
-1 . 11 0.3 -1 . 145 0.47 
-1. 14 0.56 -1 . 17 0.83 
-1.17 1 . 1 -1 . 195 1. 5 
-1.2 1. 9 -1.22 2.3 
-1.23 3.3 ~1.25 4. 3 
-1.26 6.4 -1.28 9 
-1.29 14 . 5 -1. 31 16.5 
-1.32 20 -1 . 345 28 
-1.38 40 
** . Rest Potent1al 
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TABLE IV (continued) 
Electrolyte 
0.02 M KBr0 3+2 M KOH 0.02 M KBr0 3+0.5 M KOH 
Potential Current Potential Current 
Volt:.SHE rna Volt,SHE rna 
** ** 0.07 0.104 
-1.02 0.05 -1.07 0.05 
-1.06 0.08 -1.095 0.09 
-1.08 0. 1 -1 . 12 0.14 
-1. 1 0.14 -1. 145 0.22 
-1. 12 0.21 -1 . 17 0.37 
-1. 145 0.34 -1 . 195 0.62 
-1. 17 0.57 -1.22 1 . 1 
-1. 195 1 . 1 -1.245 1. 65 
-1.22 1. 75 -1.27 2.4 
-1.245 2.8 -1.295 3.7 
-1.27 5.3 -1.33 5.7 
-1.295 8.4 -1.36 9 
-1.32 13.5 -1.39 15 
-1.37 27 
-1.395 35 
** Rest Potential 
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TABLE IV (continued) 
E1 ectro 1yte 
0.20 M KBr0 3 + 0.20 M KBr0 3 + 0.20 M KBr0 3 + 
0.25 M K2so4 + 0.45 M K2so4 + 0.495 M K2so4 + 
0.5 M KOH 0.1 M KOH 0. 01 M KOH 
Potential Current Potential Current Potential Current 
Volt,SHE rna Volt,SHE ma Volt,SHE ma 
** ** ** 0.07 0.102 0.13 
-1.02 0.21 -0.97 0.12 -0.92 0.1 
-1.05 0.37 -1.02 0.26 -0.97 0.21 
-1.08 1 -1.05 0.4 -1.0 0.39 
-1 . 11 1 . 7 -1 . 11 1 -1.03 0.53 
-1.14 2.5 -1 . 145 1. 7 -1.06 0.78 
-1 . 17 3.6 -1. 18 3.2 -1 . 1 1 . 5 
-1.195 5.4 -1. 21 1 a. 5 -1 . 13 2.2 
-1.22 7.6 -1.25 20 -1.16 3.8 
-1.245 12 -1.28 25 -1 . 19 5.6 
-1.28 16 -1.32 35 -1.22 10 
-1. 31 23 -1.37 46 -1.27 19 
-1.37 31 -1 . 3 26 
-1.34 39 
-1.38 46 
** Rest Potenti a1 
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TABLE IV (continued) 
Electrolyte 
0.02 M KBr03 0.02 M KBr0 3 0.02 M KBr0 3 
+ 1 M KOH + 1 M KOH + 1 M KOH 
*** 
+ 0. 0001 M TBAB + 0.0005 TBAB + 0. 001 M TBAB 
Potential Current Potential Current Potential Current 
Volt,SHE rna Volt,SHE rna Volt,SHE rna 
** ** ** 0.055 0.66 0.07 
-1. 16 0.05 -1.20 0.06 -1.22 0.03 
-1. 17 0.24 -1. 21 0.11 -1.23 0.07 
-1 . 19 0.44 -1.22 0.21 -1.235 0.24 
-1.2 0.78 -1.23 0.37 -1.25 0.59 
-1.22 1. 2 -1.24 1.15 -1.26 0.76 
-1.24 1. 95 -1.25 1 . 6 -1. 27 1 . 5 
-1.27 3 -1.26 2.4 -1.28 2.6 
-1.29 4.3 -1.28 3.4 -1.295 4 
-1.32 7.3 -1.30 5 -1.32 7.2 
-1.35 12 -1.32 7. 3 -1.34 12 
-1.38 17 
-1.42 23 
** Rest Potential 
*** Bromide, N(C4H9)4Br Tetrabutylammonium 
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TABLE IV (continued) 
Electrolyte 
0.20 M NaBr03+1 M NaOH 0.10 M NaBr03+0. 1 M NaBr+ 1 M NaOH 
Potential Current Potential Current 
Volt,SHE rna Volt,SHE rna 
** ** 0.086 0.082 
-0.82 0.09 -0.97 0.12 
-0.92 0.13 -1.0 0.17 
-1.02 0.27 -1.03 0.23 
-1.07 0.56 -1.05 0.32 
-1 . 1 0.9 -1.08 0.46 
-1. 145 2.5 -1 . 1 0.69 
-1. 18 3.8 -1 . 12 1 . 0 
-1.22 9 -1. 15 2.0 
-1.26 19 -1.18 3. 1 
-1. 31 39 -1.2 4.9 
-1.345 58 -1.22 6.6 
-1.38 86 -1.245 11 
-1.28 19 
-1. 3 29 
-1.33 40 
-1.37 65 
** Rest Potential 
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TABLE IV (continued) 
0.05 M NaBr0 3 + 0.15 M NaBr 
+ 1 M NaOH 
Potential 
Volt,SHE 














-1 . 41 
-1.44 



















0.02 M NaBr03+0.18 M NaBr 





-1 . 1 
-1. 13 
-1 . 16 
-1 . 18 
-1 . 21 
-1.24 
-1.28 

























TABLE IV (continued) 
Electrolyte 
0.20 M LiBr03+1 M LiOH 0.10 M LiBr03+0.l M LiBr+l M LiOH 
Potential Current Potential Current 
Volt,SHE rna Volt,SHE rna 
** ** 0.057 0.068 
-0.97 0.09 -1.02 0.09 
-1.00 0.11 -1.05 0.12 
-1.03 0.16 -1.08 0.19 
-1.06 0.3 -1 . 11 0.31 
-1.09 0.47 -1. 14 0.58 
-1. 12 0.8 -1 . 17 1 
-1. 15 1. 35 -1 . 2 1. 8 
-1 . 18 2. 1 -1.23 3.2 
-1 . 21 3.9 -1.26 5.2 
-1.24 7.2 -1 . 29 9 
-1 . 27 13 -1.32 14 
-1 . 3 20 -1.35 20 
-1.33 30 -1.38 29 
-1.36 44 -1.41 41 
-1.39 62 
** Potential Rest 
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TABLE IV (continued) 
0.05 M LiBr03+0. 15 M LiBr 






-1 . 11 
-1 . 14 
-1. 17 

























0.02 M LiBr03+0.18 M LiBr 





-1 . 145 
01.17 


























** Rest Potentia 1 
TABLE IV (continued) 
Electrolyte 








-1 . 11 
-1. 14 































CURRENT-TEMPERATURE RELATIONSHIPS FOR THE CATHODIC 
- * REDUC~ION OF Br03 ON Hg _ IN 0.20 M KBr03+1 N KOH 
Potential Temperature Current 
Vo1t,SHE oc rna 
-1. 12 65 3 
55 2.4 
45 1 . 9 
35 1. 5 
25 1 . 1 
-1. 15 65 3.7 
55 3 
45 2.35 
35 1. 8 
25 1. 35 










* Area = 1. 0 cm
2 
TABLE VI 
CURRENT-TEMPERATURE RELATIONSHIPS FOR THE CAT HO DIC 









































CURRENT-TEMPERATURE RELATIONSHIPS FOR THE CATHODIC 
- * REDUCTION OF Br03 ON Hg IN 0.20 M LiBr03+1 M LiOH 
Potential Temperature Current 






-1 . 10 60 1. 85 
55 1. 65 
45 1 . 2 
35 0.9 
25 0.65 
* Area = 1. 0 cm2 
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TABLE VIII 
CURRENT-TEMPERATURE RELATIONSHIPS FOR THE CATHODIC 
- * REDUCTION OF Br03 ON Hg . IN 0.10 M LiBr03+1 N LiOH 
Potential Temperature Current 
Volt,SHE oc rna 





-1.10 65 1 




-1.20 65 3.7 
55 3 
45 2.4 
35 1. 95 
25 1. 65 
* Area = 1. 0 cm
2 
TABLE IX 
CURRENT -K+ CONCENTRATION RELATIONSHIPS FOR THE CATHO DIC 














1 . 2 
1. 6 
2 
* Area= 1.0 cm2 



















I/( -)0.9 YBrO 3 
rna 
1. 04 




** H.S. Harned and B. B. Owen, Physical Chemistry of Electrolytic 
Solutions, 3rd edition, Reinhold Publishing Corporation, New 
York, 1964, P. 498 and p. 732. 
























PEAK CURRENT-PEAK POTENTIAL RELATIONSHIPS FROM CATHODIC 
SWEEPS FOR KBr03 on Hg~ AT 25°C IN 1 N KOH 
KBr03 Concentration 
3.0 X 10-3 M 2.5 X 1 o-3 M 
Peak Peak Peak Peak 
Potential Current Potential Current 
Volt,SHE rna Volt,SHE rna 
-1.47 1. 04 -1.48 0. 81 
-1.49 1. 34 -1.495 1. 07 
-1.5 1. 64 -1 . 51 1 . 3 
-1.53 2.2 -1.53 1.72 
-1.54 2.65 -1.545 2.18 
-1.555 3. 1 -1.56 2.52 
2.0 X 10 -3 M 1.5 X 10-3 M 
-1.465 0.66 -1.465 0.52 
-1.48 0.9 -1.48 0.64 
-1.495 1 . 12 -1.495 0.85 
-1. 51 1. 55 -1.511 1 . 21 
-1.53 1.98 -1.525 1.51 
-1.54 2.2 -1.54 1. 74 
1. 0 X 1 o- 3 M 0.5 X 10-3 M 
-1.46 0.345 -1.455 0.2 
-1.47 0.4 -1.47 0.26 
-1.485 0.47 -1.48 0.32 
-1.505 0.7 -1 . 5 0.46 
-1.515 0.875 -1 . 51 0.57 
-1.525 1. 015 -1.52 0.65 














* Area = 
TABLE XI 
SURFACE CHARGE-SWEEP RATE RELATIONSHIPS FROM 
CATHODIC SWEEPS FOR 0.2 x 10- 3 M KBr0 3 ON 








































SURFACE CHARGE DENSITY-SWEEP RATE RELATIONSHIPS FROM 
CATHODIC SWEEPS FOR 0.3 x 10- 3 M KBr03 ON Hg* AT 25°C 
IN 1 N KOH 








7.65 19. 1 
5.63 14.06 











* Area = 
75 
TABLE XIII 
SURVACE CHARGE DNESITY-POTENTIAL RELATIONSHIPS FROM 
50 V.SEC-l CATHODIC SWEEPS ON Hg* AT 25°C IN 1 N KOH 
KBr0 3 Concentration 
-3 0.2 X 10 M 0.3 X 10-3 M -3 0.5 X 10 M 
Surface Surface Surface 
Charge Density Charge Density Charge Density 
-2 -2 - 2 l.lC•Cm ll c ·em l.lC·Cm 
20.6 33.16 57.94 
20.35 35.22 58.69 
17.02 32.47 48.91 
12.85 19.87 31.43 
6 9.83 19. 31 
2.06 4 6.32 
0 0.77 2.29 
0.4 cm2 
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TABLE XIII (continued) 
KBr03 Concentration 
Potential -3 0.75xl0 M 1. 0 X 10-3 M 
Surface Surface 
Charge Density Charge Density 
Volt,SHE -2 -2 1-1C•Cm l-1C•Cm 
-0.87 85.8 131 
-1.02 85.3 126. 14 
-1. 17 73.6 98.51 









SURFACE CHARGE DENSITY-POTENTIAL RELATIONSHIPS FROM 
30 V·SEC- 1 CATHODIC SWEEPS FOR 0.2 x 10-3 M KBr0 3 ON Hg* 
AT 25°C IN 1 N KOH 
Potential Surface Charge Density 
Vo1t,SHE . -2 lJC"Cm 










SURFACE CHARGE DENSITY-CONCENTRATION RELATIONSHIPS 
FROM 50 V·SEC- 1 CATHODIC SWEEPS ON Hg* 
AT 25°C IN 1 N KOH 
(EHg = -0.90 V, SHE) 
CKBr03 

















= 0.4 em 
-1 
Charge Density 
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